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Method of detecting impurities in molten resin. 



© A method of detecting impurities in a molten combination, 
resin. The molten resin is passed through a passage 
having a window through which light can pass. Light 
is emitted from a light source through the window 
and the molten resin flowing through the passage. 
Sensors are used to sense a shade produced when 
^ the light, from the light source is interrupted by an 
impurity contained in the molten resin. Finally, the 
£j size of the impurity is measured from the width of 
^ the shade and the intensity of light of the shade. 
Also, judgment is made that if optical signals ob- 
tained by detecting the light that has passed through 
w the molten resin indicate that there exist bright areas 
around a dark area, the dark area is distinguished as 
a shade of an impurity. Further, in order to judge the 
O- shape of an impurity with high accuracy and record 
UJ its image, a plurality of the devices used in the 
above method or the device used in the above 
method and a conventional camera may be used in 
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The present invention relates to a method of 
detecting and distinguish impurities (e.g. metal ma- 
terials, fibers, voids and ambers) in molten resin by 
passing light from a light source through the mol- 
ten resin such as molten polyethylene. 

When extruding an insulating coating of a poly- 
ethylene on a power cable or forming an extrusion- 
molded joint of such polyethylene at joint portions 
of the cable, the cable may suffer electrical trou- 
bles such as electric breakdown if the polyethylene 
contains impurities. Thus, it is necessary to inspect 
the entire part of the molten polyethylene to mea- 
sure the number and size of impurities. 

Also, since such molten polyethylene contains 
a crosslinking agent, if the temperature of the mol- 
ten polyethylene is not kept uniform, a runaway 
crosslinking reaction, known as "ambers", may oc- 
cur. Thus, the detection and measurement of impu- 
rities has to be carried out without changing the 
temperature and flow rate of the molten polyethyl- 
ene. 

Fig. 6 shows one conventional method of de- 
tecting impurities in a molten polyethylene. As 
shown in the figure, a pipe through which molten 
polyethylene 32 flows is partially formed as a glass 
pipe 31. A laser beam is emitted from a light 
source 33. If there exist impurities in the polyethyl- 
ene, the laser beam is scattered by them. Thus, by 
catching the scattered light, one can detect that 
there are impurities and measure their size. 

The arrangement of this figure includes a re- 
flecting mirror 34, a lens 35, a light detector 36 and 
an oscillograph 37. 

With this conventional method, it is possible to 
detect very small impurities on the order of several 
micrometers with high sensitivity. But this method 
has one drawback in that the diameter of impurities 
cannot be measured with high accuracy or cannot 
be measured at all if the impurities have diameters 
substantially larger than the wavelength of the laser 
beam (say, several tens of micrometers) because 
the strength and direction of scattered light vary 
according to the shape and surface condition of 
impurities. 

Fig. 7 shows another conventional method for 
detecting impurities in a molten polyethylene. As 
shown in the figure, a glass pipe 41 is in the shape 
of a sheet and is located within the focal depth of a 
CCD camera 43. The images of impurities in a 
molten polyethylene 42 that passes through the 
pipe are picked up in the form of camera images to 
detect their shapes. 

In this method, if it is desired to detect minute 
impurities, it is necessary to use a lens having a 
long focal distance. A high magnification means a 
shallow (short) focal depth. Thus, the passage 
through which molten polyethylene flows has to be 
sufficiently wide and thin. The polyethylene is thus 



more likely to suffer from excessive crosslinking 
reaction, that is, "ambers". 

Further, since the molten polyethylene flows 
through such a passage at high speed, image 

5 processing has to be carried out at extremely high 
speed in order to inspect the entire part of the 
polyethylene. Moreover, since a glass pipe large 
enough to cover the entire field of view of the 
camera is needed, it is necessary to heat the pipe 

jo to keep constant the temperature of the molten 
polyethylene. 

An object of the present invention is to provide 
a method of detecting impurities in a molten poly- 
ethylene which has a wide field of view, a high 

75 three-dimensional resolution and a large depth of 
field. 

According to the present invention, there is 
provided a method of detecting impurities in a 
molten resin comprising the steps of passing the 

20 molten resin through a passage having a window 
through which light can pass, emitting light from a 
light source through the window and the molten 
resin flowing through the passage, sensing, by 
means of sensors, shades produced when the light 

25 from the light source is interrupted by an impurity 
contained in the molten resin, and measuring the 
size of the impurity from the width of the shade 
and the intensity of light of the shade. 

A glass pipe is provided in a passage for 

30 molten polyethylene. A light source and a line 
sensor is provided on opposite sides of the glass 
pipe so as to oppose to each other. The intensity 
of light received by each pixel of the line sensor is 
monitored. 

35 If there is an impurity in the molten polyethyl- 

ene, the light from the light source will be inter- 
rupted by the impurities. There is a correlation 
between the amount of light interrupted and the 
size of the impurities. Also, the greater the distance 

40 between the sensor and the impurities, the more 
markedly the shade of impurities tends to be 
blurred (its intensity weakens) due to the interfer- 
ence of light and the wider its shades. Thus, the 
product of the intensity of the shade and its width 

45 is not dependent upon the distance between the 
impurities and the sensor any more. 

Also, it is possible to detect the position of 
impurities by checking the pixels of the line sensor, 
that indicate a shade. The detecting accuracy of 

so the position of the impurities and the measurement 
accuracy of the shade width are determined by the 
number and size of pixels in the line sensor. A line 
sensor having 5000 10 urn pixels is easily avail- 
able. 

55 How much resolution, field of view and focal 

distance are attainable with the detecting method 
of the present' invention was examined by the ar- 
rangement shown in Fig. 3A. The arrangement 
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comprises an LED light source 21 having a 
wavelength of 850 nm, a PCF optical fiber 22 
having a core diameter of 250 urn, a collimator 
lens 23, a CCD line sensor 26, a CCD driving 
circuit 27, a computer 28 and a printer 29. A s 
specimen 24 had four kinds of metal wires. 25a, 
25b, 25c and 25d, having diameters of 130 urn, 70 
urn, 20 urn and 455 urn, respectively, and ar- 
ranged as shown in Fig. 3B. The specimen 24 was 
moved between points A and B along the optical w 
path as shown in Fig. 3A to see how much the 
detection accuracy of the diameter of impurities 
changes with the focal depth. 

The signal outputs of the CCD are picked up 
on the pixels of the CCD line sensor, correspond- 15 
ing to the position of the metal wires as shown in 
Fig. 4 (2048 pixels, field of view: about 28.6 mm, 
distance between the CCD line sensor and the 
specimen: about 10 mm). The results are shown in 
Fi 9- 5 - 20 

As shown in Fig. 5, in the region where -the 
width of the metal wire is about 150 urn or less, 
linearity is lost between the width and depth (inten- 
sity of light) of the shadow and the width of the 
metal wire due to the diffraction of light. But the 25 
product of the width and depth of the shade for a 
455 urn metal wire maintains a good linearity over 
the entire region. Further, it was found out that this 
linearity is maintained when the specimen 25 is 
moved between points A and B, which are 10 mm 30 
and 40 mm apart from the line sensor, respec- 
tively. 

When the method of the present invention is 
applied to the detection of impurities in a molten 
polyethylene, the light that has passed through the 35 
molten polyethylene is influenced by irregularity 
(distribution) in refraction factor due to variations in 
temperature, flow rate and composition of the mol- 
ten polyethylene. Thus, it is necessary to distin- 
guish between irregularity in the intensity of light 40 
due to such irregular refraction factor and the real 
shade of an impurity. 

Another object of the present invention is to 
provide a method of detecting impurities in a mol- 
ten resin which is capable of distinguishing be- 45 
tween irregular refraction factors and the real shade 
of an impurity and thus eliminates the possibility of 
erroneous detection due to light disturbance result- 
ing from irregular refraction factors. 

According to the present invention, only if the so 
optical signals obtained by detecting the light that 
has passed through the molten resin indicate that 
there exist bright areas around a dark area, they 
are distinguished as shades of an impurity. 

In order to distinguish between a dark region in 55 
the optical signals that reflects the real shade of an 
impurity and a dark region created by the distur- 
bance of light due to irregular refraction factors in 



polyethylene, the following phenomena are utilized 
in the present invention. Namely, by using a light 
source such as an LED or a light bulb provided at 
a sufficient distance from a target area or a mod- 
erately coherent light source as shown in Fig. 1, 
bright portions 2 are created at both ends of a 
shade 3 of an impurity due to light diffraction. 

The bright portions 2 are in close proximity to 
both ends of the shade 3 and their widths *and 
brightness are limited within certain ranges. Thus, 
by judging whether there are such bright portions 
around the dark portion, it is possible to distinguish 
between a dark area due to disturbance of an 
optical signal 1 resulting from irregular refraction 
factors in polyethylene and a dark area that reflects 
the real shade of an impurity. 

Figs. 2A - 2C show the steps followed in the 
method of distinguishing impurities in a molten 
resin according to the present invention. Fig. 2A 
shows change in the amount of the optical signals 
obtained by passing light from the light source 
through the molten resin. Fig. 2B shows the out- 
puts of a comparator for dark-level comparison of 
the optical signals. Fig. 2C shows the outputs of a 
comparator for bright-level comparison. 

The light source has to have such a coherence 
that bright portions 2 will appear due to diffraction 
at both ends of the shade 3 of an impurity in a 
molten resin such as molten polyethylene. The 
optical signals 1 obtained by passing light through 
the molten resin are binarized by passing them 
through a comparator having a threshold for dark- 
level of the amount of light. If the signals thus 
binarized indicate any dark area for a predeter- 
mined continuous length, this area is picked out as 
a potential shade 3' of an impurity. 

The optical signals 1 obtained are further 
binarized by passing them through a comparator 
having a threshold for bright-level of the amount of 
light. If the signals thus binarized indicate bright 
areas at both ends of the potential shade 3' and if 
it is found out that their widths measured are within 
the range for the bright portions 2 created due to 
diffraction of light, judgment is made that the po- 
tential shade 3' is the real shade of an impurity. 

With this arrangement, it is possible to pick out 
only those optical signals for the real shades of 
impurities, while eliminating optical signals that in- 
dicate false shades due to disturbance of optical 
signals resulting from irregularity in refractive in- 
dex. In other words, it is possible to clearly distin- 
guish impurities in the molten polymer from false 
shade due to irregularity in the refractive index of 
the polymer and thus to prevent errors in detection 
due to irregularity in refractive index. Heretofore, 
such clear distinction was difficult. 

In order to detect bright portions due to diffrac- 
tion of light at both ends of the shade of an 
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impurity, optical signals for predetermined widths 
of areas at both ends of the potential shade 3* may 
be integrated to see if the areas are actually bright 
portions caused due to diffraction of light. 

Before processing the optical signals in the 5 
above-described manner, their components which 
are slow to change or never change with the lapse 
of time, which are known as "fixed pattern", may 
be' subtracted from the entire optical signals. Other- 
wise, the optical signals may be smoothed by ■ jo 
filtering spatial high-frequency components in com- 
parison with the shade of impurity. 

The method of the present invention has the 
following advantages: 

(1) Any impurities in molten polyethylene can be is 
picked out by detecting its shade irrespective of 

the focal depth of the lens. 

(2) Since a line sensor is used to detect the 
shade of an impurity, it is not necessary to use 

so long a window for passing light. This elimi- 20 
nates the necessity of heating the molten poly- 
ethylene even though a glass portion is used. 

(3) The diameter of the shade corresponds to 
the maximum diameter of the impurity with re- 
spect to the direction in which light is emitted 25 
from the light source. Thus, the shade is little 
influenced by the surface condition and the 
shape of the impurity, so that the optical signals 
have to be processed to a minimum degree. 
This means that the entire amount of molten 30 
polyethylene can be checked easily. 

(4) The diameter of an impurity is calculated 
from the product of the width of shade and the 
intensity of light. Thus, the diameter can be 
measured with minimum error even if the shade 35 
is blurred due to interference of light. This also 
makes it possible to detect even a relatively 
small-diameter impurity. 

(5) Since it is possible to distinguish between 
disturbance of light due to irregularity in refrac- 40 
tive index and the real shades of impurities, the 
former is never mistaken for the latter. Thus, the 
detection accuracy improves dramatically. 

(6) Since it is possible to detect the position of 

an impurity, a device having a limited depth of 45 
field such as a camera having a conventional 
lens can be used to. record or determine impuri- . 
ties. 

Thus, the method according to the present 
invention is advantageously applicable when ex- 50 
truding an insulation coating on a CV cable or 
forming an extrusion-molded joint at a joint portion 
of the cable. 

Other features and objects of the present in- 
vention will become apparent from the following 55 
description made with reference to the accompany- 
ing drawings, in which: 



Fig. 1 is a view explaining the principle of the 
method according to the present invention; 
Fig. 2A is a graph showing the optical signals; 
Fig. 2B is a view showing the outputs of a 
comparator for dark-level; 

Fig. 2C is a view showing the outputs of a 
comparator for bright-level; 
Fig. 3A is a schematic view showing how the 
experiments are conducted to measure the reso- 
lution, field of view and focal depth attainable 
with the method of the present invention; 
Fig. 3B is a view showing the specimen used in 
the experiments; 

Fig. 4A is an image of the signal outputs of the 
CCD line sensor used in the experiment shown 
in Fig. 3A; 

Figs. 4B and 4C are enlarged views of the 

portions for 25c and 25d, respectively; 

Fig. 5 is a graph showing the relation between 

the diameters and shades of impurities obtained 

in the experiments of Fig. 3A; 

Fig. 6 is a view showing a conventional method 

of detecting impurities in molten polyethylene; 

Fig. 7 is a view showing another conventional 

method; 

Fig. 8 is a view showing an arrangement used to 
carry out the method of the present invention; 
Fig. 9 is a view showing another arrangement 
which is a combination of two of the devices 
shown in Fig. 8; and 

Fig. 10 is a view showing another arrangement 
using the device shown in Fig. 8 and a conven- 
tional device. 

(Embodiment 1) 

Fig. 8 shows an arrangement for carrying out 
the method according to the present invention for 
distinguishing impurities in a molten resin. 

As shown in the figure, the light emitted from 
an LED light source 11 is converted into parallel 
beams by means of a collimator lens 12, the par- 
allel beams being passed through a molten poly- 
ethylene 14 flowing through a glass window 13. 
The beams passing through the polyethylene are 
converted into electric signals by a CCD sensor 15 s 
the signals being converted into digital signals by 
means of an A/D converter 16. The digital numeri- 
cal signals thus obtained are stored in a memory 
17 and are processed by a microcomputer 18. 

The numerical signals stored in the memory 
are expressed by ai(t k ) ... a„(t k ), where n is the 
number of pixels of the CCD sensor. E.g. a^tk) 
indicates the amount of light received by the i-th 
pixel at time t k . In order to eliminate any compo- 
nents that are slow to change with time, from these 
numerical signals, the signals, aj(t k ), aj(t k -i). a»(t k - 2 ), 
... that represent the amounts of light received by 
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each pixel at different time points are subjected to 
digital high-pass filtering. Numerical signals bi (t k ) 
••• b n (t k ) (n is the number of pixels of CCD) which 
contain no components that are slow to change 
with time are obtained by subtracting the slow 
components S,(t k ) = ((l/m)ai (t k ) + (m-1)/m S r 
(tk-i 9 ) ( m x At is the time constant of the filter, 
m>0, At is the time interval between t k and t k _,} 
from the numerical signals aj(t k ) (i.e. bj(t k ) = aj(t k ) - 
Si(t k ». " , 

Further, in order to spatial smooth out the 
distribution of the amounts of light received, the 
signals bi (t k ) ... b n (t k ) which represent the amounts 
of light received at a given point of time are sub- 
jected to digital low-pass filtering. ,, 

Ci (t K ) = f Hjb i+J (tic) 

j = - e 

2C 

(wherein H, determines the nature of filter) 
Through these filterings, spatial smoothed-out 
numerical signals C,(t k ) ... C„..(t k ) 1 which contain 
no components that are slow to change with time, 
are obtained. 25 

The signals C e (t k ) ... C n _ e (t k ) are compared with 
a threshold a (h of the bright level. If each of these 
signals (which contain no slow components and are 
spatially smoothed) are brighter than the threshold, 
it is indicated by "1" and if not, by "0". Thus,' 30 
binarized signals D e (t k ) ... D n . e (t k ) are obtained. 

Further, the signals C e (t k ) ... C n - e (t k ) are com- 
pared with a threshold 0, h of the dark level. If each 
of the signals is darker than the threshold, it is 
indicated by "V and if not, by "0". The thus 35 
binarized signals are represented by E e (t k ) ... E n - e - 

If, among the signals E e (t k ) ... E n - e (t k ), dark- 
level signals are found continuously over a pre- 
determined width, these parts are picked out as 40 
suspected shades of impurities. Also, if bright-level 
signals are found continuously over a predeter- 
mined width among the signals D e (t k ) ... D n . e (t k ), 
these parts are picked up as representing possible 
bright portions which appear at both ends of the 45 
shade of an impurity due to diffraction of light If 
such bright portions actually exist at both ends of 
the suspected shades of impurities, such shades 
are determined to be the real ones. 

(Embodiment 2) 

In this embodiment, a plurality of sets of the 
devices used in Embodiment 1 are used to further 
improve the accuracy of detection and size mea- 55 
surement of impurities. 

Fig. 9 shows such an arrangement which uses 
two devices which are of the same type as the 



device used in Embodiment 1. The size of an 
impurity can be measured by the combination of a 
light source A and a CCD sensor A. As shown in 
Fig, 5, however, if the distance between the CCD 
sensor and an impurity changes by 30 mm, a 
measuring error of about 10 urn results for impuri- 
ties having a diameter of 200 urn or less. 

By providing two such devices so as to inter- 
sect with each other at a right angle, it is possible 
to determine the distance Y shown in the figure by 
the combination of a light source B and a CCD 
sensor B. For the device comprising the light 
source A and the CCD sensor A, the distance Y is 
the depth of subject. Thus, if the relation between 
the area of shade of an impurity and the distance Y 
is determined beforehand, it is possible to correct 
the results obtained in a microcomputer A accord- 
ing to the distance Y. In the -arrangement of Fig. 9, 
the results obtained in microcomputers A and B 
are processed in the microcomputer C. Thus, the 
diameters of impurities can be measured more 
accurately. 

By using a plurality of devices of the type used 
in Embodiment 1, the size of impurities can be 
detected with higher accuracy because their pre- 
cise positions can be determined. 

If the arrangement according to the present 
invention is used together with a conventional cam- 
era, it is possible to record images of impurities 
that show not only their size and positions but their 
colors. 

Fig. 10 shows another embodiment of the 
present invention, which comprises shade detect- 
ing devices 11 - 18 and a focus-adjustable camera. 
The camera should be positioned downstream of 
the shape detecting devices with respect to the 
flow direction of resin. 

With this arrangement, the distance x shown in 
the figure can be determined by the shade detect- 
ing devices 11-18. Thus, by focusing the camera 
according to the distance x, the image of an impu- 
rity can be detected vividly. 

Claims 

1- A method of detecting impurities in a molten 
resin comprising the steps of passing the mol- 
ten resin through a passage having a window 
through which light can pass, emitting light 
from a light source through said window and 
the molten resin flowing through said passage, 
sensing, by means of sensors, shades pro- 
duced when the light from said light source is 
interrupted by an impurity contained in the 
molten resin, and measuring the size of the 
impurity from the width of the shade and the 
intensity of light of the shade. 



5 



EP 0 599 297 A1 



2. A method of detecting impurities in a molten 
resin comprising the steps of providing at least 
two of the devices used in carrying out the 
method claimed in claim 1 for a passage 
through which the molten resin flows, detecting 5 
the shade of an impurity contained in the mol- 
ten resin by means of a plurality of sensors to 
determine the three-dimensional positions of 

the impurities, and correcting the size of the 
impurities according to the three-dimensional w 
position thus obtained. 

3. A method of detecting impurities in a molten 
resin comprising the steps of combining the 
device used in carrying out the method as is 
claimed in claim 1 with a focus-adjustable 
camera, detecting the position of the shade of 

an impurity in the molten resin, and recording 
the image of the impurity by means of said 
camera after adjusting its focusing point ac- 20 
cording to said position of the shade of the 
impurity. 

4. A method of distinguishing impurities in a mol- 
ten resin wherein the shades of impurities con- 25 
tained in the molten resin are detected by 
passing light from a light source through the 
molten resin, characterized in that judgment is 
made that if optical signals obtained by detect- 
ing the light that has passed through the mol- 30 
ten resin indicate that there exist bright areas 
around a dark area, they are distinguished as 
shades of an impurity. 

5. A method as claimed in claim 4, comprising 35 
the steps of binarizing said optical signals by 
comparing said optical signals with a first 
threshold for a dark level, binarizing said op- 
tical signals by comparing said optical signals 

with a second threshold for a bright level, and 40 
determining that a dark area represented by 
the optical signals binarized according to the 
first threshold indicates the shadow of an im- 
purity if there exists bright areas represented 
by the optical signals binarized according to 45 
the second threshold at both ends of said dark 
area. 
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